Two polymorphs of 2,5-diphenyl-1,3,4-selenadiazole, C 14 H 10 -N 2 Se, denoted (Ia) and (Ib), and a new polymorph of 2,5-bis-(thiophen-2-yl)-1,3,4-selenadiazole, C 10 H 6 N 2 S 2 Se, (IIb), form on crystallization of the compounds, prepared using Woollins' reagent (2,4-diphenyl-1,3-diselenadiphosphetane 2,4-diselenide). These compounds, along with 2-(4-chlorophenyl)-5-phenyl-1,3,4-selenadiazole, C 14 H 9 ClN 2 Se, (III), and 2-(furan-2-yl)-5-(p-tolyl)-1,3,4-selenadiazole, C 13 H 10 N 2 OSe, (IV), show similar intermolecular interactions, with -stacking, C-HÁ Á Á interactions and weak hydrogen bonds typically giving rise to molecular chains. However, the combination of interactions differs in each case, giving rise to different packing arrangements. In polymorph (Ib), the molecule lies across a crystallographic twofold rotation axis, and (IV) has two independent molecules in the asymmetric unit.
Comment
Interest in using organoselenium heterocycles as compounds with novel properties has expanded rapidly during the last three decades. This interest has focused on areas as diverse as pharmaceutically interesting compounds (Klayman & Gunther, 1973; Mugesh et al., 2001; Nicolaou & Petasis, 1984) and new reagents with unusual reactivity profiles (Back, 2000; Wirth, 2000a,b) . The selenation reagent 2,4-diphenyl-1,3-diselenadiphosphetane 2,4-diselenide, [PhP(Se)(-Se)] 2 , known as Woollins' reagent, is the selenium counterpart of the well known Lawesson's reagent. It has been shown to insert selenium into a wide range of different compounds, including in the formation of the title 2,5-diaryl-1,3,4-selenadiazoles (for examples, see Hua et al., 2009; Hua, Cordes et al. 2011; Hua, Griffin et al., 2011, and references therein) . Five crystal structures have been determined for four selenadiazoles, two of which are polymorphs of each other, and another of which is a polymorph of a known structure; these are 2,5-diphenyl-1,3,4-selenadiazole, (Ia) (Fig. 1 ) and (Ib) (Fig. 2) , 2,5-bis(thiophen-2-yl)-1,3,4-selenadiazole, (IIb) (Fig. 3) , 2-(4-chlorophenyl)-5-phenyl-1,3,4-selenadiazole, (III) (Fig. 4) , and 2-(furan-2-yl)-5-(p-tolyl)-1,3,4-selenadiazole, (IV) (Fig. 5 ). All five compounds were prepared according to published methods (Hua et al., 2009; Hua, Cordes et al., 2011) , and crystals were grown in each case by the diffusion of hexane into a dichloromethane solution of the compound.
Three of the five structures have a single molecule of the compound in the asymmetric unit, the exceptions being polymorph (Ib) and compound (IV). In (Ib), the asymmetric unit comprises half a molecule of 2,5-diphenyl-1,3,4-selenadiazole, the other half being generated by twofold rotational symmetry, whereas in (IV), two independent molecules of organic compounds 2-(furan-2-yl)-5-(p-tolyl)-1,3,4-selenadiazole form the asymmetric unit. The C-Se bond distances in (I)-(IV) vary from 1.861 (7) to 1.890 (4) Å , falling within the range of C-Se bond lengths seen in selenadiazoles (1.86-1.90 Å ; Hua et al., 2009; Hua, Cordes et al., 2011) . These distances are shorter than would be expected for a C-Se single bond (ca 1.94 Å ), indicating that some degree of delocalization occurs. Four of the five structures [excluding (Ib)] show the same near-planar molecular arrangement seen in previous selenadiazole structures (Hua et al., 2009; Hua, Cordes et al., 2011) . The dihedral angles between peripheral ring planes and the selenadiazole rings range from 1.7 (4) to 13.5 (3) , with the exception of polymorph (Ib), where the dihedral angle is 22.3 (2) . Due to its rotational symmetry, this leads to the planes of its phenyl rings being inclined at 43.44 (17) with respect to each other. The predominant types of intermolecular interactions in these compounds are those involving their -systems. All five of the structures show -stacking interactions, at a variety of centroid-centroid (CgÁ Á ÁCg) distances. While some of these, with CgÁ Á ÁCg distances in the range 3.6197 (19)-3.670 (4) Å , fall within the conventional range for -interactions, some show apparent -stacking at distances as long as 3.930 (3) Å (Table 3) . While -interactions at such distances would conventionally be considered insignificant, in these cases the interactions are supported by acting in parallel with other interactions, including other -interactions and also C-HÁ Á Á interactions (see below). All of the compounds, except for (IIb), also show C-HÁ Á Á interactions, with C-HÁ Á ÁCg distances ranging from 2.52 to 2.97 Å (Table 4) . While these longer distances would give rise to very weak interactions, due to their occurring at the conventional van der Waals limit, C-HÁ Á Á interactions have been suggested to be effective at distances beyond this value (Nishio, 2004 Views of the different two-dimensional sheets in the (100) The molecular structure of polymorph (IIb), with displacement ellipsoids drawn at the 50% probability level.
Figure 4
The molecular structure of (III), with displacement ellipsoids drawn at the 50% probability level.
Figure 5
The structure of (IV), with displacement ellipsoids drawn at the 50% probability level. and in (IV), these interactions occur in conjunction withinteractions, mutually reinforcing each other, as in these two compounds there is either sufficient angularity between the phenyl and selenadiazole rings [in (Ib)] or the presence of the tolyl methyl group [in (IV)] to allow for both C-HÁ Á Á and -interactions between the same adjacent molecules. Further intramolecular interactions occur in (IIb) and (IV), where weak C-HÁ Á ÁN hydrogen bonds contribute to the observed packing motif. These occur at HÁ Á ÁN distances of 2.59 Å in (IIb) and 2.50 and 2.59 Å in (IV), with CÁ Á ÁN separations of 3.539 (12), 3.422 (7) and 3.457 (8) Å , respectively.
While this similarity of molecular geometries and types of intramolecular interactions might suggest that similar packing modes would be observed, this is not found to be the case. The intermolecular interactions observed, namely -interactions, C-HÁ Á Á interactions and weak C-HÁ Á ÁN hydrogen bonds, combine in different ways, giving rise to a variety of packing motifs. In (Ia) (Fig. 6) , chains formed by C-HÁ Á Á interactions run along the b axis. These interact with adjacent chains by the formation of -stacked dimers, giving rise to sheets in the (100) plane. In the cases of (Ib) (Fig. 6 ) and (IIb) (Fig. 7) , both display two-dimensional sheets formed by the interaction of two different types of chains. Both show -stacked chains, running along c in (Ib) and along b in (IIb), but the second type of chain is formed by C-HÁ Á Á interactions along the c axis in (Ib) and by weak hydrogen bonds along the a axis in (IIb), and the resulting sheets occur in the (100) and (001) planes, respectively. The situation in (III) and (IV) is somewhat different, as each comprises a threedimensional network formed by the linking together of twodimensional sheets. In (III), two-dimensional sheets are formed in the (001) plane by C-HÁ Á Á interactions (Fig. 8) , whereas in (IV), sheets in the (100) plane are formed by a combination of C-HÁ Á Á and -interactions and C-HÁ Á ÁN hydrogen bonding (Fig. 9) . In both compounds, these sheets are then linked together into a three-dimensional network by the formation of -stacked dimers between sheets.
For 2,5-diphenyl-1,3,4-selenadiazole, (I), two visually similar types of polymorphic crystals form under the same conditions. Both of these display a monoclinic unit cell, with polymorph (Ia) crystallizing in the space group P2 1 /c and polymorph (Ib) in the space group C2/c. On a molecular level, there is one key structural difference between the two forms, which appears to give rise to many of the differences observed in their packing. This is the difference in the dihedral angles between the phenyl rings and the selenadiazole ring, with polymorph (Ia) showing angles of 3.35 (16) and 4.11 (16) , whereas polymorph (Ib) shows symmetry-equivalent dihedral angles of 22.3 (2) . These differences can be seen to lead directly to differences in the packing (Fig. 6) , as the twist of the phenyl rings changes both the distance and angle possible for -interactions, inducing a molecular offset from the chain axis in (Ib), and also makes it possible for both -and C-HÁ Á Á interactions to occur in the same molecular chain.
In the case of (IIb), the crystals appeared to be slightly visually different to those previously found for (IIa) (Hua, Cordes et al., 2011) , and structure analysis revealed it to be a polymorphic form. Polymorph (IIb) crystallizes in the orthorhombic space group Pca2 1 , although with broadly similar unit-cell parameters to the known structure, which crystallizes in the monoclinic space group P2 1 /c. There is little on a gross structural level to indicate why a different polymorphic form occurs, a fit of all non-H atoms of polymorph (IIb) to those of polymorph (IIa) having an r.m.s. deviation of 0.052 Å . Additionally, there are similarities in the packing of the two polymorphs, but the differences between them do become more apparent as the interactions which give rise to the packing are considered. Both polymorphs display -stacked chains running along the b axis, but these are assembled differently. In (IIb), the -overlaps occur between the selenadiazole ring and both thiophene rings, whereas in (IIa) two different sets of -interactions give rise to a more zigzag chain. Furthermore, (IIb) also shows chains running along the a axis formed by weak C-HÁ Á ÁN hydrogen bonding, the combination of these two sets of interactions giving rise to sheets in the (001) plane, while (IIa) shows no other intermolecular interactions.
Experimental
All compounds were prepared according to literature methods by the reaction of Woollins' reagent with either the appropriate 1,2-diacylhydrazine [for (Ia), (Ib), (III) and (IV); Hua et al., 2009] or acylcarbohydrazide [for (IIb); Hua, Cordes et al., 2011] . X-ray quality crystals of all compounds were grown by the diffusion of hexane into a dichloromethane solution of the compound. Crystals of the two polymorphic forms of 2,5-diphenyl-1,3,4-selenadiazole, viz. (Ia) and (Ib), were difficult to differentiate visually, except that the platelets of (Ia) tended to be thicker than those of (Ib). Crystals of (IIb) were likewise difficult to differentiate from those of the known polymorph (IIa) (Hua, Cordes et al., 2011) , although those of (IIb) did tend to display a more intense orange colour.
Polymorph (Ia)
Crystal data Views of the three-dimensional network which makes up the structure of (IV). C-HÁ Á Á and C-HÁ Á ÁN interactions are shown as thin lines and H atoms not involved in these interactions have been omitted. (a) The twodimensional sheet lying in the (100) 
Compound (III)
Crystal data C-bound H atoms were included in calculated positions (C-H = 0.98 Å for methyl H atoms and 0.95 Å for aryl H atoms) and refined as riding, with U iso (H) = 1.2U eq (C) for aryl or 1.5U eq (C) for methyl H atoms. The structure of (IIb) shows signs of racemic twinning, the Flack (1983) parameter being 0.377 (19) . This is complicated by the Friedel-pair coverage being lower than ideal, at 68%, which suggests that the Flack parameter in this case may be less meaningful than generally. In (III), a difference electron-density feature of 4.87 e Å À3 was located 1.37 Å from atom Se1, but this has no chemical significance. This feature possibly arises due to a Fourier ripple, and results in the slightly elevated value of R for this structure. Multiple crystals were tried, the majority of which showed much weaker diffraction at higher angles. Table 1 Hydrogen-bond geometry (Å , ) for (IIb). Table 2 Hydrogen-bond geometry (Å , ) for (IV). Geometry of C-HÁ Á Á interactions (Å , ).
Cg1 and Cg2 are the centroids of the C11-C16 and C21-C26 rings, respectively, of polymorph (Ia). Cg3 is the centroid of the C11-C16 ring of polymorph (Ib). Cg4 is the centroid of the C21-C26 ring of (III). Cg5 and Cg6 are the centroids of the C51-C56 and O11-C15 rings, respectively, of (IV). Table 3 Distances of -interactions (Å ).
Cg1 and Cg2 are the centroids of the Se1-C5 and C11-C16 rings, respectively, of polymorph (Ia). Cg3 is the centroid of the Se1-C5 ring of polymorph (Ib). Cg4, Cg5 and Cg6 are the centroids of the Se1-C5, S11-C15 and S21-C25 rings, respectively, of (IIb). Cg7 and Cg8 are the centroids of the Se1-C5 and C11-C16 rings, respectively, of (III). Cg9, Cg10 and Cg11 are the centroids of the Se1-C5, C21-C26 and C51-C56 rings, respectively, of (IV).
Compound
Centroids CgÁ Á ÁCg (Ia) Cg1Á Á ÁCg2 
